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INTRODUCTION
In the case of the pneumatic and hydraulic transportations of granular grains and other relatively small particles, there exists the limitation to improve the efficiency of transportation by the conventional method [1, 2] . A proposed sand collector with an injection at the collecting mouth can collect such particles more effectively and smoothly.
As one of the proposals of the excellent system which shows a high efficiency, the injection is mounted at the collecting mouth to fluidize the particles bed before the particles are collected. In the previous papers [3, 4] , it was clarified from the experimental studies of a sand collector that the concentration of the particles collected by the unit with an injection at the collecting mouth is much improved comparing with that without an injection using the spherical glass beads as a collecting particle. The effects of the flow ratio of the injection to the suction and the particle size on the In this paper, the effects of the inner diameter ratio of the injection mouth to the suction mouth on the weight of the collected glass beads and the concentration are to be discussed for a given inner diameter of the suction mouth which is kept constant. From a series of this experiment, the efficiency of transportation of the beads at the collecting mouth, so called a local efficiency, is also discussed considering the pressure drops both in the suction pipe and in the injection pipe.
Six different inner diameters of the injection mouth and the spherical glass beads, which is scattered from 0.150mm to 0.212mm as a collecting particle, are used in this experiment.
EXPERIMENTAL APPARATUS AND METHOD
The experiments were carried out in order to determine the optimal inner diameter ratio of the injection mouth to the suction mouth which gives the effective collection of the particles. Fig. 1 shows a schema of the experimental apparatus of the sand collector and the detail of its collecting section. In this figure, the arated from the water here. Then only the cleaned water flows into the flow tank for system, the collecting mouth must be moved as the collecting surface lowers, but in this experiment the collecting mouth is set right on the collecting surface at the beginning of the measurement.
The inner diameter ratio of the injection mouth Di to the suction mouth Ds is defined as (1) The values of Rd, Di and Ds used in this experiment are shown in Table 1 together with each shape of the collecting mouth. Ds is kept constant 30mm. The flow ratio of the injection Qi to the suction Qs is defined as (2) The mean velocity at the injection mouth Vi and the mean velocity at the suction mouth Table  1 Dimmensions and shape of suction mouth.
Vs are obtained by Qi/Ai and Qs/As, respectively, where Ai denotes the flow area at the injection mouth and As the flow area at the suction mouth. The spherical glass beads whose diameters dp scattered from 0.150mm to
The flow area at the suction mouth As is also shown in the table. In order to estimate the local efficiency, the pressure gages are mounted at 650mm and 450mm height from the collecting mouth for the injection pipe and for the suction pipe, respectively. The experiments were carried out under the conditions of Ds=30mm (constant) and Vs= 0.20m/s (constant) which is very high comparing with the critical lift up velocity of a particle [5] . Fig. 2 shows the relations between the velocity ratio of the injection to the suction Vi/Vs and the mass of the collected glass beads Gb, using Rd as a parameter. In the case of no injection, there are not so much differences of the mass of collected glass beads among the inner diameter ratios. This comes from the fact that Gb is determined only by the peripheral length of the suction mouth which is held constant throughout the experiment. In the case of Rd=0.10, Gb increases monotonously in a wide range of Vi/Vs
On the other hand, in the case of Rd=0.60, Gb increases up to Vi/Vs=13 as the fluidization progresses and decreases in the range of Vi/Vs>13 as the injection is too much as to disperse the glass beads outside of the collecting area. The Furthermore, it is desirable for the actual system that the flow rate of suction equals to that of injection. This operating point correin the figure. In the case of Rd=0.30 and 0.48, the condition which gives the flow rate of injection Qi equal to that of suction Qs occurs at Vi/Vs=9.33 and 2.94, respectively. These values are very low comparing with those which show the maximum value of Gb. In the case of Rd=0.20, a relatively high value of Gb is obtained at Qi=Qs. In the case of Rd =0 .13, the maximum value of Gb is obtained nearly at Qi=Qs.
But this condition of Qi corresponds to Vi/Vs=54.0 which is so high that the pressure drops in the injection pipe might be very large. As far as the weight of the collected beads is concerned, the inner diameter ratio nearly equal to 0.2 is the most optimal value because the weight of the collected beads shows a high level value over a wide range of Vi/Vs. Fig. 3 shows the relations between the inner diameter ratio Rd and the mass concentration of the beads Cw using the velocity ratio of the injection to the suction Vi/Vs as a parameter. It can be seen from this figure that the concentration of the beads increases as the velocity ratio increases. The broken line shows the operating condition of the flow rate of injection equal to that of suction. It is desirable for the actual system to operate under this condition. The operating point of the inner diameter ratio is given by the points of intersection of each Cw-Rd curve and the broken line. Higher concentration is obtained at lower inner diameter ratio. This comes from the following reason: as the inner diameter ratio decreases, the injection itself becomes stronger, then fluidization of the glass beads is stepped up. On the contrary, it might be considered that the energy loss of the system increases as the inner diameter ratio decreases. 3. 2 Effects of the Inner Diameter Ratio on the Local Effeciency At this time, the efficiency of transportation of the glass beads at the collecting section which is called a local efficiency is to be taken into consideration. The efficiency of transportation of the two-phase flow in the vertical pipe [6] is defined as into account of the convergence loss at the injection nozzle. Fig. 4 (b) shows the relations between the total pressure drop in the suction increases as Rd decreases, whereas it is constant in the case of Rq=0 (no injection). In both figures, a spline method is applied for Rq=1 and a least square method is applied for Rq=0 to draw each curve. By using these interporated values, Fig. 5 shows the relations between the inner diameter ratio and the local efficiency at the collecting section. As a result, there exists the most probable value of Rd which shows the high efficiency and is nearly equal to 0.28 for a given bead diameter and The efficiency is improved about 3.4 times as high as that in the case of no injection.
